Th cells are involved in induction of CTL (1). As in the case of hapten-carrier conjugates, it is generally assumed that CTL, and the Th cells that help them, respond to different epitopes . This expectation is supported by the fact that in most cases, Th cells express CD4 and are restricted by class II MHC molecules, whereas conventional CTL express CD8 and are restricted by class I MHC molecules. Targeting different classes of MHC molecules increases the likelihood of recognition of different processed antigen fragments. In addition, the class I and class II MHC molecule-restricted antigen processing pathways are thought to be different (2).
After culture for 6 d, cytolytic activity of the restimulated cells was measured using a 6-h assay with various "Cr-labeled targets (5) . Percent specific 5'Cr release was calculated as 100 x (experimental release -spontaneous release)/(maximum release -spontaneous release) . Maximum release was determined from cells lysed by addition of5 % Triton-X 100, and spontaneous release from target cells incubated alone. SEMs oftriplicate cultures were always <5o7o of the mean.
Results and Discussion
Peptide 18IIIB Is Sufficientfor Induction ofgp160-and Peptide 18IIIB-speck CTL from Immune Spleen Cells in H-2 d Mice. When we originally induced gp160IIIB-specific CTL, mice were immunized with recombinant vaccinia virus carrying the HIV 1-IIIB gp160 envelope gene (vSC25), and their immune spleen cells were restimulated with gpl60-transfected BALB/c .3T3 fibroblasts (5) . Here we show that we can elicit CTL specific for the immunodominant site when vSC25-immune BALB/c spleen cells are restimulated in vitro with peptide 1811IB alone (Fig. 1 ). Mice immunized with control vaccinia virus (vSC8) showed no significant cytotoxic activity after in vitro restimulation with any ofthe forms ofthe antigen (data not shown). Therefore, (Fig . 2) . However, this activity was completely restored by inclusion of IL-2 in the restimulation culture (Fig. 2) . 1310 .D2 mice gave the same results (data not shown) . Thus, CD4* cells are necessary to induce class I MHC molecule-restricted peptide-specific CTL, and this function can be replaced by exogenous IL-2. Furthermore, vSC25-immune BALB/c spleen cells restimulated in vitro with only peptide 18IIIB secreted IL-2 (data not shown) . Without depletion of CD4' cells, IL-2 produced little or no further enhancement of the response (see Table I , below) . Therefore, the function of the CD4' cells appears to be T cell help. The results also suggest that peptide 1811113, the immunodominant site for CTL restricted by the Dd class I MHC molecule, also induces CD4+ Th cells likely to recognize antigen with class II MHC molecules. Therefore, we tested whether mAbs to Ad and Ed could block the activation ofTh cells by peptide 18IIIB .
The Effect of AntiAd and/or E mAb on CTL Induction. When the vSC25-immunized BALB/c spleen cells were restimulated with peptide 18IIIB in the presence of a mAb (M5/114) specific for both Ad and Ed, specific CTL induction was greatly reduced (Table I, (data not shown) with myoglobin-specific T cell clones restricted by I-Ad and I-Ed . The results showed that the Th cells stimulated by peptide 18IIIB were restricted by the class II Ad molecule (Table I, Exp. 2) . Therefore, peptide 18IIIB, which contains an immunodominant site for class I Dd molecule-restricted CTL, also contains a Th cell epitope presented by the class II Ad MHC molecule . Although we cannot be sure at this stage that the residues responsible for binding Dd and Ad are the same, the antigenic sites presented by class I and class II MHC molecules are likely to overlap extensively because the peptide is only 15 residues long .
Peptide 18IIIB Fails to Stimulate CTL in Immune Spleen Cellsfrom B10 .A Mice (Ak, Ek, Dd). Because we found that H-2d mice are CTL high responders, whereas H-2k mice are low responders to HIV gp160 (5), it was of interest to test whether congenic B10.A mice, which have the appropriate class I Dd, but the class II molecules Ak and Ek of the low responder strain, can produce specific CTL when their vSC25-immune spleen cells are restimulated in vitro with peptide 18IIIB . Fig. 3 shows that restimulation with peptide 18IIIB alone could not elicit specific CTL at all in B10.A mice, in contrast to BALB/c mice (Fig . 1) or B10.D2 mice (data not shown) . However, restimulation with 18IIIB plus IL-2 produced CTL specific for this immunodominant site (Fig . 3) . Thus, immune B10.A spleen cells without any CD4 cell depletion behaved identically to BALB/c spleen cells after CD4 cell depletion (compare with Fig. 2) . They appear to lack T cell help specific for peptide 18IIIB .
Pfizenmaier et al . (11) have reported that the CTL response to SV40 tumor-associated specific antigens is associated with K b, Kk, Db, and Dd , but not with K d or Dk, and that B10.D2 mice (A d, Ed, and Dd) could generate Dd-restricted CTL, but B10.A mice (A k , Ek, and Dd) could not. However, BRA mice could induce Kkrestricted CTL. Therefore, they speculated that T cell help would be provided preferentially to those CTL recognizing class I molecules of the same haplotype as class EIT ratio II MHC molecules. Our current data support the speculation, and moreover, we found that the same epitope was seen by both class I and class II MHC molecules from the same haplotype.
There are now a few examples in the literature in which the same peptide is seen by different T cells with multiple alleles of the same class II molecule (12) , with both isotypes of class II molecule (13), or even with both classes of MHC molecules (14) . However, these various studies do not show a functional importance to this degenerate presentation . In the current study, not only is the same peptide seen by T cells in association with both class I and class II molecules, after in vivo processing of the native protein, but also, these MHC molecules are associated in the same haplotype so that the same small peptide can induce help for a CTL response to itself.
Finally, we would like to speculate that the same antigenic site of pathogens is sometimes presented by both class I and class II MHC molecules. If these class I and class II molecules are shared by the same MHC haplotype, this dual presentation of the same (or closely overlapping) antigenic site may contribute to its immunodominance. Conversely, such relationships between class I and II MHC molecules might provide some selective advantage to the maintenance of certain combinations in haplotypes, and therefore contribute to linkage disequilibrium within the MHC.
Summary
We have observed that a peptide corresponding to an immunodominant epitope of the HIV-1 envelope protein recognized by class I MHC-restricted CD8+ CTL can also induce T cell help for itself. The help is necessary for restimulation ofCTL precursors in vitro with peptide alone in the absence of exogenous lymphokines, can be removed by depletion of CD4+ T cells, and can be replaced by exogenous IL-2. Whereas the CTL in BALB/c or B10.D2 mice are restricted by the class I molecule Dd , the Th cells are restricted by the class II molecule Ad, and the help can be blocked by anti-Ad mAb. To examine the genetic regulation of the induction of help, we studied B10.A mice that share the class I Dd molecule, but have different class II molecules, Ak and Ek. Spleen cells of immune B10.A mice behave like CD4-depleted BALB/c spleen cells in that they cannot be restimulated in vitro by the peptide alone, but can with peptide plus IL-2. Therefore, in the absence of exogenous lymphokines, peptide-specific help is necessary for restimulation with this immunodominant CTL epitope peptide, and in H-2d mice, this peptide stimulates help for itself as well as CTL. We speculate on the implications of these findings
